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A tmdcl is ]brtmtloukl IO t!cscriirc Ihc e]~ccr of the tintc intcrrd C]I{WII ]; jr prcrrtl Iirc

mait!tcnattcc IIpOII rh’ frcqmwcy o]” foihtre aml J?CIIIICII(:I- of total muitt ?ctram’c (prt’ret o

tire w(I Corrt’ctirc), Trutlc-of]k benwm rht’se rwo ]kql(cncics art’ &’rcr)Him’(/ b)’ ufJIHpfo

ration o]- au optimal it!tcrval itl the case where the failure (Iisrrib[t ticVI is Iitwuw. Fi v

wrknmtw (Iistribtttions, atf a(taptirc smtistical tcclutiquc is &’I”clopcc! that C{III I”SV.W’Sf<j UII
(]ptit?tat prcrct ttirc tnaitltctlaltcc itt tcrral. A mttncricat illustrutiotl is .circn.

1. Introduction



Il. The Model

(’onsidcr a tlxcd type of rcpsrablc equipment \vlwsc times

bet wccn f:lilurcs T,, T2, .0. arc indcpcndcrtt will] distribnlion

function F. Assume tkrt F IKM n continuous density ~, and Ict
h bc the failure rote fimction, ~/F, where ~~ I - F, Thus, h(r)

rcprcscn[s IIIC rate of fuilurcs in the inlcrvnl between t tnd

r + dr. StIppOsC that a time inlcrwl w >0 is chosen for prcvcn.

tivc moitllcnunce. Then if a time m krs ckrpsctl since the Itrsl

foilurc, prcvcntivc nxrintenmscc is performed, It will bc

:tssumcd tllr(wghoul Ilml prcvenlivc nloinlcnancc. ;1s well as

corrccl ivc nl;tintcnancc, restores Ihc cqttipnwnt 10 the comli.

tion where its lime to ncx! fisiluw IUISUislribulion funclion F.

Theorem I:

If lu >0 is the prcvcntivc nwtintcnwrce intcrvot, then

F(w)
frequency of fui!ure = —

J

m

F

o

I
frcqm?ncy of nt3intcnisncc = —

J

m

F

o

the Iullcr including twill prcvcntivc and corrective nwintc-

Il:lncc.

Proof:

If T1. T:,. . . arc Illc sll~~cssi$y tinlcs bctwccn f~illlrcs in

the uhscncc of prcvcntivc ntflintcnmtcc. then A’l = min (m.

T,). .Vz = min (m. T:), . . . arc the titncs bctwccn moinlc -

n:mccs. m! t!wy are indcpcndcnl and idcnliciilly tlislribulcd.

Let ,\’ Iw Ihc number of X’s until the first failure. i.e., the first

Iimt X,, = T,,. Since A’ is distributed like the number of

indcpcndcnl nips required to gcl the first “’flewl%”” whore

nl Icmls) = ffT C m) = firn), E/\’= I /F(m). Let S,, =
.Vl +... + ,Y,,. tt > 1, wtd note IIIuI the lime of Ilrsl f:]ilmc is

,Y,y=.l’, +.. .+s% . :Iflcr which tho wlwlc process rcpc:tts

ilwlf. Since lLS,\. = F;\’ ● /?,l’, by \Vold.s cquolion for rondomly
sl~}ppcd sums. [Iw frcqllcllcy of f~ilurc is

I I F(m) F(ttt ) - F(t?])— . -.-_— =—. -—
KYY }:.V “ Lx, Esl w

r r
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w, > f) [II F

Ill. Optimal Preventive Maintenance for
Known F

= F(w) + c
/-1)1

J F
o

where c >0 is chosen in :Idwsncc. TIN choice of c dctcrmimw

Ihc tradeoff bctwccrs lhc two frcqucncics. If the clloit.cs m:lilc

for diffwcn[ types of cquiprmwl wc proporlionxt to the rctti.

Iivc cosls of nurinloinins Ihcm. Ilwn the t~)lol spcnl on nutinlc.

wtncc is distrihu!wl oplinwlly - tlusl is. minimim IIIC tt~t:ll

fi~ilurc r;lte tlf uII cquipnwnt types. This is UI1:II(WMIS 10 Ilw

dctcrminntioll of oplinxsl nlloulions of sp:!rm 10 di(fcrctll

Iypcs of cquipmcut (Ref. 2 h

Thcorern 2:

Proof:
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F(l)l) r
o
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wlwrc

:mll

NI\lc Ill;tt ifh is dif(crcnli;tblc. Ilwn

J
1!1

Q’(m) = h’(m) F-.
o

IV. An Approach to the Optimal m When
F is Unknown
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Prouf:

Sitlcc P(,ll;, # Al,l) = I //f -+ O. it stltliccs 10 pruvt 011Illrcc

conclusions wi!h Jf ~ in plucc d N,,. To prove IIIC tlrst cotwltl.

si(m for A/~, it stIITiccs to show !hut for b < m,. with prob:lbil.

ily {me. :111hut tinilcly m:my Al,~”swc > b.

~ P(A,; # A,,,,
#l

tlivcrgcs. ill fiuiicly mw}y Al,, ”s cqwrl +OD, ml, hcncc,

~,,(w) ~ /?(w) uniformly otl (0. b + I].

wlti~dt implits th:tt Al,; > b. Thus. only thti~cly mwty Al,; ow

Icss III;HI b. xml [IN !irst limit in Thcurcm 3 is prwd.

V. A Numericai Example

Vi. Additional Remarks
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Table 1. Computallonal reaulta for Illuslratlon

.——— -—. ——.—-- ..— —
VJIIIC or r 16 19 26 47
No. rcwhing r 10 8 $ I
No. wrviving t 9 7 .! I
K(t) 1 0.9 0.7s8 (1.63

r

1

K@) d.r 16 l&L7 ?4.21 37..44

—

Fig. 1. K(t) F19. 2. Estimated R(t)
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